Background: Lymph node status in gastric cancer is known as an independent prognostic factor that guides the surgical and oncological treatment and independently influences long-term survival. Several studies suggest that the lymph node ratio has a greater importance in survival than the number of metastatic lymph nodes. Aim: The aim of this study was to evaluate the clinical and morphological factors that can influence the survival of gastric cancer patients, with an emphasis on nodal status and the lymph node ratio. Material and methods: We conducted a retrospective study in which 303 patients with gastric cancer admitted to the Department of Surgery of the Mureș County Hospital between 2008 and 2018 were screened for study enrolment. Data were obtained from the records of the department and from the histopathological reports. The examined variables included: age, gender, tumor localization, T stage, histological type, grade of differentiation, surgical procedure, lympho-vascular invasion, excised lymph nodes, metastatic lymph nodes, lymph node ratio. After screening, the study included a total number of 100 patients, for which follow-up data was available. Results: The mean age of the study population was 66.43 ± 10 years, and 71% were males. The average survival period was 21.42 months. Statistical analysis showed that the localization of the tumor (p = 0.021), vascular invasion (p <0.001), T (p = 0.004) and N (p <0.001) stages, type of surgery (partial gastrectomy 59% vs. total gastrectomy 41%, p = 0.005), as well as the lymph node ratio (p <0.001) were prognostic factors for survival in patients with gastric cancer undergoing surgical therapy. Conclusions: The survival of gastric cancer patients is significantly influenced by tumor localization, T stage, vascular invasion, type of surgery, N stage and the lymph node ratio based on univariate analysis. Also, the lymph node ratio proved to be an independent prognostic factor for survival. Nicolae Suciu • Str. Gheorghe Marinescu nr. 1, 540103 Târgu Mureș, Romania. Tel: +40 742 460 908 Zalán Benedek • Str. Gheorghe Marinescu nr. 1, 540103 Târgu Mureș, Romania. Tel: +40 742 224 804 Radu Ghenade • Str. Gheorghe Marinescu nr. 1, 540103 Târgu Mureș, Romania. Tel: +40 743 403 695 Marius Coroș • Str. Gheorghe Marinescu nr. 1, 540103 Târgu Mureș, Romania. Tel: +40 744 679 297 Rareș Georgescu • Str. Gheorghe Marinescu nr. 1, 540103 Târgu Mureș, Romania. Tel: +40 744 176 849
almost 90%, probably due to the implementation of intense screening programs, making possible the diagnosis in "early gastric cancer" stage, and the possibility of endoscopic resection in early stages. 3 There are several tumor-and patient-related factors of prognostic importance in gastric cancer. Previous studies have shown that some of the significant factors that influence survival are age, invasion of the underlying layers, and lymph node involvement. Furthermore, factors such as cardiovascular disease, diabetes, immune disorders, and malnutrition lead to increased intraoperative mortality and reduced long-term survival in elderly patients. 4 Lymph node involvement in gastric cancer is known as an independent prognostic factor; it guides surgical and oncological treatment and influences long-term survival independently. 5 In cancer research, the lymph node ratio (LNR) is defined as the number of excised lymph nodes reported to the number of metastatic lymph nodes. 6 There are several studies suggesting that the lymph node ratio has a greater importance in survival than the amount of positive lymph nodes. Studies have also shown that the LNR is an independent factor for survival regardless of the number of lymph nodes excised during the operation. 7, 8 The TNM staging system groups gastric cancer patients in different categories based on tumor dimensions, and the number of lymph node metastases and distant metastases. 9 Bases on this classification, "stage migration" is frequently encountered. 10 Regarding the evaluation of nodal status in gastric cancer, it is recommended to analyze at least 15 lymph nodes in order to obtain a reliable nodal stage. 9 Surgical experience, the precision of the histopathological examination, and other biases can lead to a lower node number, which has been considered insufficient. 10 The stage migration phenomenon occurs during the examination of excised lymph nodes and may lead to inaccurate classification, affects the postoperative multimodal decision-taking process. 11 To diminish stage migration, studies recommend using the LNR as an independent factor for survival. This is a simple and consistent prognostic tool, which can be used in any type of lymhadenectomy. 12 The LNR may also be a helpful tool in selecting eligible patients for adjuvant oncological therapy, because patients with a higher level of lymphatic involvement (i.e., LNR >0.25) can benefit more from chemo-radiation. 13 
AIm
In this study, we aimed to assess the clinical and morphological variables that can influence the overall survival of patients with gastric cancer, focusing on nodal status and the LNR.
mAtERIAL ANd mEtHOdS
We conducted a retrospective study, including all patients who underwent surgery for gastric cancer in the Department of Surgery of the Mureș County Hospital, Târgu Mureș, Romania, between 2008 and 2018. Patient data were obtained from the electronic database of the Department of Surgery and from the histopathological reports.
Tumor staging was carried out according to the 7th edition of the TNM staging system. We grouped the cases into four categories based on the number of metastatic lymph nodes (N0, N1, N2, N3), corresponding to the recommendations of the American Joint Committee of Cancer.
We determined the value of metastatic LNR by dividing the number of metastatic lymph nodes by the total number of excised nodes. The patients were assigned into different categories based on the results: LNR0 if the ratio was 0%, LNR1 if it was 1-20%, LNR2 if it was 21-50%, and LNR3 if it was >50%.
Variables such as age, gender, tumor localization (upper, middle, lower third, diffuse), T stage, histological type (adenocarcinoma, signet ring cell carcinoma, other types), grade of differentiation, type of operation (partial/total gastrectomy), lymphovascular invasion (present or absent), the number of retrieved and metastatic lymph nodes, and the LNR were grouped and analyzed in both univariate and multivariate analyses as prognostic factors for survival.
Statistical analysis was performed using GraphPad Prism 8 (GraphPad Software, San Diego, California, USA), and we considered a test statistically significant at a value of α below 0.05. All tests were two-tailed.
Survival in different groups was graphically represented using Kaplan-Meier curves, and the statistical difference between survival groups was determined using the logrank test.
The study was approved by the local ethics committee of Mureș County Hospital.
RESuLtS
A total number of 303 patients were treated surgically for gastric cancer in the Department of Surgery of the Mureș County Hospital between 2008 and 2018. We excluded patients with incomplete clinical or morphological data and those for which survival data was not available. One hundred patients were enrolled in the study. The mean survival time for the included subjects was 21.42 months. The studied parameters are shown in Table 1 . The mean age of the patients was 66.43 ± 10 years, and 71% of them were male.
We found tumors localized in the upper third of the stomach in 19 cases, in the middle third in 15 cases, in the lower third in 55 cases, and the tumor was diffuse in 10 cases. The histopathological examination revealed gastric adenocarcinoma in 80% of cases, signet ring cell carcinomas in 10% of cases, and other histological types in 10% of cases.
Regarding the grade of differentiation, there were 30 cases of well differentiated, 27 cases of moderately differentiated, and 43 cases of poorly differentiated tumors.
We observed a high rate of advanced-stage tumors, 48% of cases being staged T4, 41% T3, 8% T2, and only 3% T1 at the moment of admission to our department. We found lymphatic invasion in 43 cases and vascular invasion in 58 cases during the histopathological examination of the operatory specimen. Fifty-nine per cent of the patients underwent partial gastrectomy, while total gastrectomy was performed in 41% of the patients.
A mean of 11.23 ± 5.23 lymph nodes were excised during surgery, and a median of 3 lymph nodes were positive (range: 1-21); in 80% of cases, ≤15 lymph nodes were excised.
Twenty-five cases were staged as N0, 21 as N1, 23 as N2, and 25 as N3 at the histological examination.
Statistical analysis showed that the localization of the tumor (p = 0.021), vascular invasion (p <0.001), T (p = 0.004) and N (<0.001) stage, the type of gastrectomy (p = 0.005) as well as the LNR (p <0.001) were prognostic factors for survival in univariate analysis (Figure 1 , panels A-F).
Other variables such as age (p = 0.864), gender (p = 0.077), histological type (p = 0.359) and differentiation (p = 0.111), and lymphatic invasion (p = 0.509) did not influence survival significantly.
dISCuSSION
There are numerous known prognostic factors, and there is an ongoing debate in the literature whether or not they have an independent effect on long-term survival in gastric cancer patients.
In 2009, Japanese researchers published an article on the effect of age on the outcomes of gastric cancer patients. Studying 1,473 patients, they observed a lower 10-year survival rate and a higher postoperative mortality rate in elderly patients. The study concluded that age represents a simple prognostic factor for survival in patients with gastric cancer and would be helpful to take in consideration besides other clinicopathological variables. 14 In our study, the majority of the patients were older than 60 years, and we did not observe any differences between the studied age groups regarding overall survival.
An article published in 2011 by Yang et al. searched for predictive and prognostic markers in metastatic gastric cancer. Their results suggest that the localization of the tumor and the patients' gender and age are independent factors for overall survival in advanced-stage gastric cancer. 15 In our study, the patients' survival was influenced by age and tumor localization.
The prognostic value of histological types in gastric cancer is not well defined. In an article published in 2014, Zu et al. found in a study conducted on 741 gastric cancer patients that cell differentiation was an independent prognostic factor in advanced gastric cancer cases but not in mucinous carcinoma and signet rig cell carcinoma. Advanced-stage signet ring cell carcinoma had more aggressive features and poorer prognosis than the other subtypes. 16 The conclusion of the study was that the degree of cell differentiation is an important predictor of survival in gastric cancer. 16 Contrary to these results, in our study, the histological type of the tumor and cell differentiation had no influence on survival.
In gastric cancer patients, nodal status is one of the most important factors that have a high impact on survival. However, the classification of lymph node involvement is not standardized; in the Japanese classification it relies on the localization of the tumor and the number of metastatic nodes, while the UJCC/AJCC TNM staging system is based only on the number of metastatic nodes, which depends on the extent of nodal clearance in each case. [17] [18] [19] [20] The LNR was recommended as a novel staging tool because of its ability to reduce the stage migration phenomenon. In a study conducted by Nitti et al., the LNR was the strongest predictor for survival after radical surgical treatment. 21 The value of the LNR is not based on the extent of lymphadenectomy or on the accuracy of the histopatho- 22, 23 Therefore, the LNR has become a reliable and independent marker for survival, and some authors recommended the inclusion of this parameter in cancer staging systems for its potential to minimize stage migration. 24 In our study, the N stage and the LNR were strong prognostic factors for the overall survival of gastric cancer patients.
CONCLuSIONS
In our study, the survival of gastric cancer patients was significantly influenced by the patients' age, tumor localization, T stage, vascular invasion, type of surgery, N stage, and LNR based on univariate analysis. Also, the LNR proved to be an independent prognostic factor for survival. We consider that it would be useful to implement a probability calculator tool in order to obtain a more accurate prediction of survival, which can be very useful in the daily medical practice.
